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Purpose: The aim of this study was to obtain objective and standardized information on masticatory function and patient 
satisfaction following second molar single implant therapy.
Methods: Twenty adult patients, who had restored second molar single implants more than 1 month before the study, were 
enrolled in this study. All patients received a chewing test using peanuts before and after insertion of the implant prosthesis, 
with a questionnaire and visual analogue scale (VAS) to evaluate the effect of second molar single implant therapy.
Results: This study obtained standardized information on the masticatory function objectively (e.g., P, R, X50) before (Pre-in-
sertion) and after insertion (Post-insertion) of the implant prosthesis. Masticatory performance (P) after insertion of the im-
plant prosthesis significantly increased from 67.8±9.9 to 84.3±8.5% (P<0.0001). With the implant prosthesis, the P value in-
creased by 24%. The masticatory efficiency index (R) of Post-insertion is higher than that of Pre-insertion (P<0.0001). With 
the implant prosthesis, the R value increased by 29%. The median particle size (X50) of Post-insertion is lower than that of Pre-
insertion (P<0.0001). More than 90% of the patients were satisfied with the second molar single implant therapy from a 
functional point of view. 
Conclusions: These findings indicate that a second molar single implant can increase masticatory function. 
Keywords:  Mastication, Patient satisfaction, Single-tooth dental implant.
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INTRODUCTION 
When a missing tooth is located at the distal free-end, there 
are only a few treatment options: a conventional fixed partial 
denture or single implantation [1].
If this type of missing tooth is treated in conventional fixed 
partial denture therapy, the cantilever has a leverage effect 
on the second premolar [1]. Many studies have suggested 
that an implant is a satisfactory choice for posterior single 
tooth restorations with a good prognosis [2-8]. Becker and 
Becker [4] reported the results of treatment for single molar 
replacements. For two years, a 95.7% success rate was shown. 
Levin et al. [5] reported that the overall survival rate of single 
molar implants was 92.6%, at an average of 36 months of fol-
low-up. Jung et al. [6] reported that the cumulative survival 
rate of the second molar single implant was 93.93%. 
Unless the missing second molar is restored, complications 
may occur such as supra-eruption of the opposing tooth [1,9]. 
Extrusion of an opposing molar may disrupt occlusion [9]. 
This situation may lead to periodontal problems or height-
ened risk of caries development [9]. Some have reported that 
loss of a post-canine tooth results in a loss of chewing ability 
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[10,11]. Others reported that there was not impaired mastica-
tory function when the patient had more than 20 well-dis-
tributed teeth [11,12]. Nevertheless, few researchers have fo-
cused on the masticatory function with objective parameters 
in replacing a posterior tooth with a freestanding single im-
plant.
Masticatory function can be evaluated in subjective and ob-
jective measures: first, masticatory ability (subjective mea-
sure obtained from questionnaires and personal interviews) 
and second, masticatory performance and masticatory effi-
ciency (objective measure obtained from chewing tests), have 
been used [11-13]. Masticatory performance is calculated by 
evaluating the particle size distribution of food when chewed 
for a given number of strokes. Masticatory efficiency can be 
assessed by counting the number of masticatory strokes re-
quired to reduce food to a certain particle size [11-13]. Masti-
catory performance has often been measured by determin-
ing an individual’s capacity to grind or pulverize a test food 
[10-28]. Masticatory ability assesses a subjective chewing sat-
isfaction [12,22,29]. 
Most masticatory function studies deal with conventional 
dentures, implant-supported overdentures and full-arch im-
plant prostheses [11,12,18,25-28,30], whereas a limited number 
of studies on single implant restoration have been performed 
[31]. The purpose of this study was to obtain objective and 
standardized information on masticatory function and pa-
tient satisfaction following second molar single implant 
therapy.
MATERIALS AND METHODS
Subjects
The study covered all patients who were treated with a sec-
ond molar single implant during the period of July 1, 2002, 
until August 19, 2009 in the Department of Periodontics, 
Gangneung-Wonju National University Dental Hospital. Of 
114 patients who were screened and treated with a most pos-
terior single implant during this period, 20 patients were re-
cruited (Table 1).
Patients were selected according to the following inclusion 
criteria: agreement of patient to participate in this chewing 
test, patient’s cooperation status permitting a periodic follow-
up, absence of malocclusion, and presence of an opposing 
tooth with normal periodontal support.
Three implant systems were used, and they are summarized 
in Table 2.
All implant restorations had gold occlusal surfaces, and the 
opposing dental status was composed of 7 gold crowns and 
13 natural teeth.
All patients were thoroughly informed about the procedure 
and gave written consent for inclusion in the study. This study 
was approved by the Institutional Review Board of Gang-
neung-Wonju National University Dental Hospital (IRB2009-
14-1).
Masticatory performance
The objective masticatory function of the patients was test-
ed with a method using peanuts and an internationally-ac-
cepted standard sieve system with filter paper (Whatman Cat 
No. 1001, Whatman plc, Brentford, UK) before and after in-
sertion of the implant prosthesis (Fig. 1). Peanuts were dried 
under 60°C in an incubator for 24 hours. 3.0 g of peanuts 
were used in the chewing test. Each patient was asked to 
chew peanuts on the implant side for 20 masticatory strokes. 
The chewed test portions were expectorated into a paper cup 
and the patients rinsed their mouth three times with water 
and spit the remains into a paper cup again. The chewed 
Table 1. Subjects.
Mean age
(yr, range)
Gender 2nd molar location Mean loading 
time (mo, range) Male Female Mandible Maxilla
Subjects 51.3 (41-64)  15 5 19 1 22.45 (1-78)
Table 2. Distribution of tested implant systems. 
Implant
system
Diameter (mm) RP (4.0-4.3) WP (5.0-6.0)
Total
Length (mm) 10 11.5 13 10 11.5 13
Osstem USII
a) 0 0 0 7 2 1 10
Brånemark MkIII
b) 1 1 1 3 2 0 8
NobelReplace
c) 1 0 1 0 0 0 2
Total 1 1 2 10 4 1 20
RP: regular platform, WP: wide platform.
a)Osstem Implant Co, Seoul, Korea. 
b)Nobel Biocare, Göteburg, Sweden. 
c)Nobel 
Biocare, Göteburg, Sweden.
Figure 1. Internationally accepted standard sieve system.Journal of Periodontal
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samples were washed through a stack of 5 sieves of 2.0, 1.0, 
0.71, 0.5, and 0.25 mm aperture. While the particles were be-
ing washed through the sieve, the sieves were agitated by a 
dental vibrator set at half speed for 2 minutes. Each sieve was 
then washed individually with a bottle of water. The particles 
that were in size between two successive sieves that form an 
upper and lower boundary was collected and denoted as a 
size fraction. Each size fraction of particles was dried at 60°C 
in an incubator for 24 hours and then weighed.
Analysis of chewing data 
The weight of the particles on each sieve can be represent-
ed in a plot which shows the cumulative weight percentages 
undersize as a function of the sieve aperture [15,18-20,24]. 
The cumulative weight percentage undersize for a specific 
sieve aperture is defined as the percentage of the particles by 
weight that can pass that sieve [15,18-20,24]. Cumulative par-
ticle size distribution is adequately described by the follow-
ing distribution function [15]:
Qw = 100 {1-exp [-(   
X __
X50 )
bln2] } (1)
Qw :   the weight percentage of particles with a size smaller 
than X.
X (mm): aperture of sieve. 
X50 (mm):   aperture of theoretical sieve through which 50% 
of the particles by weight can pass.
b:   a variable indicating the broadness of the distribution 
(0<b<∞)
The variables X50 and b were determined by curve-fitting 
the data on equation (1) using the SigmaPlot 6.0 program 
[15,20]. X50 can be used as a measure of the average particle 
size [15,18-20,24]. Moreover, the masticatory efficiency index 
(R) was calculated by Edlund and Lamm’s formula [17,19].
R=100 (1-
X+Y  
2T-X )
X: weight in grams of material in the coarsest fraction.
Y: weight in grams of material in the medium fraction.
T: total weight in grams of test portion after mastication.
In order to use this method, the sum of the weight in grams 
of the chewed material accumulated on the sieve with aper-
ture of 2.0 mm was referred to as the coarsest fraction (X). 
The sum of the weight in grams of the chewed material ac-
cumulated on the sieve with aperture of 1.0, 0.71, and 0.5 mm 
was combined and was referred to as the medium fraction 
(Y). T was the total weight in grams of the test portion after 
mastication [17,19]. In addition, the masticatory performance 
(P) was calculated as the percentage of food passing the sieve 
with aperture of 2.0 mm at 20 strokes by Manly and Braley’s 
method [10,13,16]. 
Masticatory ability
All patients were asked to answer 7 questions concerning 
aspects of function, chewing comfort, aesthetics, and oral hy-
giene practices. In addition, the patients were asked to com-
plete a visual analog scale (VAS). The questions were to be 
evaluated using a five grade categorized scale: ‘total satisfac-
tion’ to ‘total discontent’ or, when comparing the implant 
with teeth, a three-grade categorizing scale: ‘teeth’, ‘the same’ 
or ‘implant’ was used.
In addition, the patients were asked to mark the respective 
VAS, a 100 mm straight line with the left end indicating ‘total 
satisfaction’ and the right end ‘total discontent’. When com-
paring the implant with teeth, the left end indicated ‘teeth’, 
and the right end indicated ‘implant’. The distance from the 
right end of the scale to the mark was measured in millime-
ters and the VAS was divided into 10 increments of 10 mm 
for analysis.
Statistical analysis
Statistical software (SPSS ver. 16.0, SPSS Inc., Chicago, IL, 
USA) was used for statistical analysis. For the comparison be-
tween masticatory performance for pre-insertion of the pros-
thesis (Pre-insertion) and post-insertion of the prosthesis 
(Post-insertion), the statistical significance was determined 
by a paired t-test (P<0.05).
RESULTS
Masticatory performance
Means of particle size distributions were obtained before 
and after insertion of prosthetic restoration (Table 3, Fig. 2). A 
characteristic pattern was observed in the cumulative-fre-
quency curves, and it tended to show a sigmoid shape. The 
cumulative frequency curve for Post-insertion showed a shift 
towards smaller particle sizes. 
The mean of X50 obtained from Pre-insertion was 0.96 mm, 
Table 3. Mean of masticatory performance (mean±SD).
Pre-insertion
a) Post-insertion
b) Sig (P)
X50 (mm) 0.96±0.11 0.73±0.12 <0.0001
R 39.2±5.3 50.6±6.1 <0.0001
P (%) 67.8±9.9 84.3±8.5 <0.0001
X50: aperture of theoretical sieve through which 50% of the particles by weight 
can pass, R: the masticatory efficiency index, P: masticatory performance as the 
percentage of food passing through the 10 mesh screen at 20 strokes.
a)Before insertion of prosthesis. 
b)After insertion of prosthesis.Journal of Periodontal
& Implant Science JPIS
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and 0.73 mm from Post-insertion. A considerable difference 
in the median particle size, X50 was observed between Pre- 
and Post-insertion with a paired t-test (P<0.0001). Moreover, 
the mean of R in Pre-insertion was 39.2, but in Post-insertion 
was 50.6. A significant difference in R was revealed after 20 
chewing strokes (P<0.0001).
The mean of P was 67.8% in Pre-insertion and 84.3% in 
Post-insertion. There was a statistically significant difference 
between Pre- and Post- insertion (P<0.0001). The results of 
the masticatory performance parameters are summarized in 
Table 3.
Masticatory ability
All the distributed questionnaires were completed by the 
patients. To assess oral function, four of the questions asked 
about perception of function and subjective chewing com-
fort (Table 4). Patients were highly satisfied with chewing 
ability irrespective of the hardness of food. 45% of patients 
felt more secure when they chewed on their teeth than on 
the implants and 55% perceived no difference. 
The fifth question dealt with cleansing of implant prosthe-
sis. 70% of the patients were satisfied with their cleansing 
ability. The sixth question asked about a complication of cheek 
biting while masticating with the implant. 20% responded 
with “discomfort sometimes”. The last question was about 
the treatment as an esthetic solution to a sunken cheek as 
perceived by the patient. 15% were satisfied from an esthetic 
point of view. A good correlation was found to exist between 
the results from the categorized questions and the VAS.
DISCUSSION
To restore the integrity and function of the dentition is the 
goal of dental care. Mastication is one of the main functions 
served by the dentition, especially by the posterior teeth. 
Therefore, masticatory functions are considered to be a criti-
cal outcome measurement for dental treatment and are used 
to evaluate prosthodontic treatment outcomes [11,16,25-27,30, 
31]. However, we noted that there has been a lack of studies 
Table 4. Results of the questionnaire and VAS for evaluation of mas-
ticatory ability and patients’ satisfaction.
Questions Answers (%) VAS
1. “Are you able to chew 
hard food like raw 
carrot sticks?”
Yes, definitely  30
Satisfied enough  60 (mean±SD, 83.7±16.9)
I don't know  10 (median, 90)
Definitely not 0 (range 50-100)
No answer 0
2. “Are you able to chew 
soft bread?”
Yes, definitely  60
Satisfied enough 40 (mean±SD, 94.1±7.1)
I don't know  0 (median, 96.5)
Definitely not 0 (range, 78-100)
No answer 0
3. “Are you able to chew 
or bite kimchi?”
Yes, definitely  50
Satisfied enough 50 (mean±SD, 91.3±10.0)
I don't know  0 (median, 94)
Definitely not 0 (range, 65-100)
No answer 0
4. “Which do you chew 
more comfortably 
with, the implant or 
teeth?”
Teeth 45
No different  55 (mean±SD, 54.2±23.0) 
Implant  0 (median, 50)
No answer 0 (range, 15-95)
5. “Are you able to clean 
your implant very 
well?”
Yes, definitely  30
Satisfied enough 40 (mean± SD, 72.5±30.5)
I don't know  20 (median, 92.5)
Definitely not 10 (range, 10-100)
No answer 0
6. “Do you have chewing 
discomfort due to 
biting the cheek 
mucosa during 
mastication?”
Yes, definitely  0
Discomfort
sometimes
20 (mean± SD, 84.9±20.7)
I don't know 15 (median, 93)
No discomfort 65 (range, 30-100)
No answer  0
7. “Are you satisfied with 
implant therapy in the 
esthetic aspect of 
sunken cheek 
compared to before 
implant 
reconstruction?”
Yes, definitely  5
Satisfied enough  10 (mean ± SD, 62.7±19.0)
I don't know  85 (median, 50)
Definitely not 0 (range, 50-100)
No answer 0
VAS: visual analog scale.
Figure 2. Cumulative weight percentage undersize Qw (percentage) 
as a function of the logarithm of the sieve aperture X (mm) after 20 
chewing strokes. Pre-insertion: before insertion of prosthesis, Post-
insertion: after insertion of prosthesis.
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reporting on masticatory performance with objective param-
eters (e.g., R, P, X50) in second molar single implant therapy. 
This study assessed masticatory performance before and af-
ter insertion of an implant prosthesis. In addition, patient 
satisfaction after second molar single tooth implant therapy 
was evaluated with questionnaires and VAS.
Masticatory performance is the most frequently used meth-
od of measuring masticatory function. It evaluates the size of 
food particles after a specified number of chewing cycles [10, 
13,15-20,24,28]. The test foods have varied and include artifi-
cial foods such as Optosil (Condensing Silicon; Heraeus Kul-
zer, Sao Paulo, Brazil) and a very wide range of natural foods 
[13]. The types of foods used have led to variations in the re-
sults, because of their inherent properties and solubility [13]. 
Although there is some controversy about what food sub-
stance is best for masticatory performance tests, peanuts 
have been the most common choice, as they are relatively 
uniform in their size, which facilitates standardization and 
can be used without any additional manipulation [16,32]. 
Compared to artificial food, peanuts are advantageous in that 
they are commonly consumed and people are accustomed to 
chewing them. Therefore, it seemed to be acceptable when 
compared with other materials like raw carrots or raisins 
[16,17]. 
Kapur et al. [28] have suggested that for a valid performance 
test, the specified number of chewing strokes for a food must 
be less than the number of masticatory strokes required by a 
subject in the preparation of the same food for swallowing. 
Edlund and Lamm [17] reported that the mean number of 
masticatory strokes necessary to achieve optimal pulveriza-
tion of test material was 20.4. In this kind of test, 20 strokes is 
the number most commonly used [16,17,23,24,30,31]. We used 
20 strokes in this study. 
The only function of mastication is to prepare food for 
swallowing [23]. Yurkstas [23] reported that the swallowing 
threshold was directly related to masticatory performance. 
Thus, people with a superior masticatory function attained a 
finer degree of food pulverization at the swallowing thresh-
old than did people who possessed dentition that was less ef-
ficient [23]. Regardless of the method used, finer particles 
corresponded to more efficient mastication. 
In our study, masticatory performance (P) significantly in-
creased in all patients (Table 2, Fig. 1). P after insertion of the 
implant prosthesis increased from 67.83±9.92 to 84.33± 
8.45%. With the implant prosthesis, the P value increased by 
24%. This is in agreement with data presented by Manly and 
Braley [16]. They reported that for a person having the first 
and second molar in occlusion, the average P was 78%.
The masticatory efficiency index (R) after insertion of the 
implant prosthesis was higher than that before insertion of 
the implant prosthesis. With the implant prosthesis, the R 
value increased by 29%. In addition, X50 after insertion of the 
implant prosthesis was lower than that before insertion of 
the implant prosthesis. These parameters indicate that parti-
cle size distribution after insertion of a second molar single 
implant prosthesis is finer than that before insertion of an 
implant prosthesis. When a missing second molar is restored 
by using an implant, the number of postcanine functional 
tooth units and the total food platform area are increased 
[10,11]. According to Yurkstas [10], the second molar provided 
28% of the total food platform area. The more occlusal units 
are restored, the better the masticatory performance obtained 
[11]. In this study, a statistically significant difference was 
shown between objective parameters before and after inser-
tion of the implant prosthesis (P<0.0001). These results may 
be due to the lack of an adaptation period after removal of 
the implant prosthesis. Yurkstas et al. [27] found that persons 
supplied with fixed bridges and a removable prosthesis 
showed an improvement in masticatory performance after 2 
weeks [13]. Abel and Manly [26], in a study on patients with 
partial dentures, describe a learning period with improve-
ment in masticatory performance after insertion of the den-
tures. Maximum chewing efficiency was attained at about 1 
month [26]. Therefore the tested implants were restored with 
the prosthesis more than 1 month before the study. 
The masticatory ability was evaluated with a 4-question 
survey. In addition, 3 questions assessed the oral hygiene 
practices, chewing discomfort due to cheek biting, and the 
esthetic aspect of a sunken cheek. Results of the responses to 
each question about chewing ability showed that 90% of the 
patients were completely satisfied with the implants regard-
ing their ability to chew various kinds of food (raw carrots, 
soft bread, kimchi). Comparing the chewing function with 
teeth and implants, respectively, revealed 55% of patients 
preferring neither the former nor the latter for their mastica-
tory function. 45% of patients felt more secure when they 
chewed with the teeth. Pjetursson et al. [29] reported that 
78% of the patients either perceived no difference in masti-
cating with teeth or implants, or preferred implants. Some 
patients in this study had a shorter loading period (1 month) 
than patients in the study of Pjetursson et al. [29]. This may 
partly explain the difference between these results. 
In the present study, 70% of the patients stated that they 
could clean the implant restoration very well. Pjetursson et 
al. [29] reported that 94% of the patients were satisfied with 
their own oral hygiene practice. These differences may have 
been caused by the relative accessibility for cleaning accord-
ing to the location of implant installation. 
Assessing the chewing discomfort due to cheek biting, 20% 
of patients sometimes felt a chewing discomfort due to cheek Journal of Periodontal
& Implant Science JPIS
A second molar single implant can increase masticatory function 84
biting. Although several studies have reported that lip, tongue, 
and cheek biting were significantly often observed in the pa-
tients who received a fixed implant supported prosthesis in 
an edentulous jaw [33,34], only cheek biting was observed in 
the patients who received second molar single implant ther-
apy. Assessing the esthetic improvement of a sunken cheek, 
15% of patients were satisfied after insertion of the implant. 
When Pjetursson et al. [29] assessed the esthetic appearance 
of the anterior implant restoration, they revealed that more 
than 97% of patients were satisfied. Therefore it is estimated 
that patients’ perception of the esthetic improvement after 
insertion of a posterior implant may be lower than that of 
anterior implant insertion. 
Masticatory function is derived from a complex interplay of 
direct and indirect effects. However, our study focused on 
only one variable - with and without the implant prosthesis. 
When the chewing test performed without the prosthesis, 
patients had already adapted to having the prosthesis. Hence, 
the differences between objective masticatory function be-
fore and after insertion of the prosthesis would be overesti-
mated. Because of the limitation of a retrospective study, this 
study does not include an adaptation period for removal of 
the implant prosthesis. The number of subjects was too small 
to compare the difference between the locations of implants 
- maxilla vs. mandible. 
Therefore, prospective studies with larger numbers of sub-
jects are needed in the future. Multiple variables should be 
included in further studies to accurately assess the effect of 
second molar single implant therapy on masticatory function. 
In spite of such limitations, in accordance with previous re-
ports, the data in the present study showed that a second 
molar single implant can increase masticatory function.
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